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Below please find additional information on Fractional Release Factors (FRFs) and 
the polynomials fitted to the data to calculate FRFs from mean ages of air (Table S1) 
as  well  as  the  methodology  and  parameters  used  to  calculate  the  stratospheric 
lifetimes (Table S2). Displayed in Figures S1 to S3 are time series of mixing ratios as measured on samples 
collected at a remote ground-based station at Cape Grim, Tasmania  (40.4°S, 144.4°E) 
which have been used to investigate the comparability of measurements made by the 
two  laboratories  (i.e.  NOAA-ESRL  and  UEA).  Agreement  within  measurement 
uncertainties was found for eight compounds, but consistent offsets were identified 
for CFC-113 (+2 %, UEA minus NOAA), HCFC-142b (-2 %) and CH3CCl3 (+4 %) 
using  these  time  series.  All  UEA  &  UFra  data  was  corrected  accordingly.  The 
respective data set on H-1211 and H-1301 can be found in Newland et al. (2012). 
Figures S4 to S12 show the slopes of the tracer-CFC-11 correlations against average 
CFC-11 mixing ratios. Prior to calculations data that could have been influenced by 
the polar vortex was excluded (similarly to the method used for the correlation of 
CFC-11 and mean-age). Similar to Volk et al. (1997) the slopes were measured using 
error-weighted bivariate linear regression (Cantrell, 2008) fitted over windows of 70 
ppt of CFC-11 and moving these windows in 5 ppt steps. The only exception was 
CCl4  which  has  the  smallest  data  set  and  where  90  ppt  windows  were  used  as  a 
consequence. Also following Volk et al. (1997) the windows were narrowed slightly 
(down to widths of 50 ppt) in the vicinity of the tropopause. Finally the slope at the 
tropopause was determined by fitting error-weighted quadratic polynomials from 120 
to 220 ppt of CFC-11 and extrapolating them to the chemical tropopause at 241.0 
ppt.of CFC-11. Statistical uncertainties of these slopes were determined in the same 
way as described in Volk et al. (1997), i.e. by repeating each fit many (here: 10,000) 
times with random bootstrap samples (drawing with repeat from the data set), and 
scaling the resulting standard deviation by a factor (square root of the number of fitted 
points  over  the  number  of  fully  independent  points)  to  account  for  the 
interdependency of the individual slope points. Table S1. Parameters of polynomials of the form y = a + bx + cx
2 to calculate FRFs 
(y) from mean ages (x) as derived from mid (ml) and high latitudinal (hl) correlations. 
FRFs were fitted between 0 and 5.8 years of mean age but not forced through 0 as 
small negative numbers may occur due to atmospheric variability in the vicinity of the 
tropopause. Squared Pearson correlation coefficients were > 0.95 except for HCFC-
142b (0.90). 
Compound  a  b  c 
CFC-11 (ml)  -0.0173  0.098666  0.00816955 
CFC-11 (hl)  -0.0203  0.120582  0.00644101 
CFC-113 (ml)  -0.0059  0.049669  0.00862413 
CFC-113 (hl)  0.0035  0.052307  0.01071417 
CFC-12 (ml)  -0.0154  0.046244  0.00707356 
CFC-12 (hl)  -0.0111  0.052939  0.00833816 
HCFC-141b (ml)  -0.0635  0.050362  0.00939938 
HCFC-141b (hl)  -0.0513  0.057713  0.01108315 
HCFC-142b (ml)  -0.0032  0.010130  0.00233185 
HCFC-22 (ml)  -0.0190  0.021203  0.00229434 
HCFC-22 (hl)  -0.0193  0.022367  0.00349756 
H-1301 (ml)  -0.0185  0.061608  0.01051828 
H-1301 (hl)  -0.0336  0.086124  0.00949226 
H-1211 (ml)  -0.0535  0.204371  -0.00464644 
H-1211 (hl)  -0.0482  0.218376  -0.00664831 
CCl4 (ml)  -0.0139  0.131338  0.00464806 
CCl4 (hl)  -0.0326  0.154912  0.00135110 
CH3CCl3 (ml)  -0.0227  0.254820  -0.01505946 
CH3CCl3 (hl)  0.0014  0.261897  -0.01631929 Table S2. Average atmospheric mixing ratios s , effective linear growth rates γ0 and 
slopes of the correlations against CFC-11 at the tropopause dχ/dχCFC-11 (i.e. at [CFC-
11] = 241.0 ppt).  
Compound  s [ppt]  γ0 [% yr
-1]  dχ/dχCFC-11 
CFC-11  227.3 ± 3.8  -0.88  1 
CFC-113  74.8 ± 0.9  -0.90  0.223 ± 0.026 
CFC-12  517.1 ± 6.1  -0.51  1.339 ± 0.157 
HCFC-141b  20.4 ± 0.3  2.61  0.0687 ± 0.0224 
HCFC-142b  18.8 ± 0.2  5.26  0.0623 ± 0.0088 
HCFC-22  199.3 ± 1.9  3.86  0.658 ± 0.068 
H-1301  3.0 ± 0.04  0.77  0.0113 ± 0.0005 
H-1211  3.8 ± 0.1  -1.59  0.0277 ± 0.0033 
CCl4  81.4 ± 1.5  -1.59  0.398 ± 0.063 
CH3CCl3  8.2 ± 0.1  -21.06  0.0266 ± 0.0088 
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Figure S1. Comparison between mixing ratios of CFC-11, CFC-113, and CFC-12 as 
observed at the remote ground-based station at Cape Grim, Tasmania by the NOAA 
Global  Monitoring  division  (lines)  and  UEA  (symbols  representing  individual 
samples) between 1991 and 2011. Cape Grim major HCFCs
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Figure S2. The same as in Figure S1 but for HCFC-141b, HCFC-142b, and HCFC-22. Cape Grim CCl4, CH3CCl3 & SF6
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Figure S3. The same as in Figure S1 but for CCl4, CH3CCl3, and SF6. 
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Figure S4. Evolution of correlation slopes of the mixing ratios of CFC-113 against the 
average mixing ratio of CFC-11. The black diamonds each represents the bivariate 
error-weighted slope of the correlation inferred over a range of ± 35 ppt CFC-11. The 
error bars represent the 1 σ slope uncertainties. The black lines are the error-weighted 
quadratic polynomial fitted between 120 and 220 ppt and its respective uncertainty 
envelopes  as  inferred  via  the  “bootstrap”  method  from  Volk  et  al.,  1997. 
Extrapolation of these polynomials to the tropopause at 241.0 ppt of CFC-11 results in 
the slopes and uncertainties (blue) given in Table S2. Note, that only data from the 
campaigns  in  late  2009  and  early  2010  are  combined  for  the  calculation  of  these 
slopes. Displayed in red is the correlation of mixing ratios that was utilised to infer the 
slopes. 
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Figure S5. The same as in Figure S4 but for CFC-12. 
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Figure S6. The same as in Figure S4 but for HCFC-141b. 0.00
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Figure S7. The same as in Figure S4 but for HCFC-142b. 
 
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
100 150 200 250
(Average) CFC-11 [ppt]
S
l
o
p
e
 
a
g
a
i
n
s
t
 
C
F
C
-
1
1
140
150
160
170
180
190
200
210
H
C
F
C
-
2
2
 
[
p
p
t
]
Figure S8. The same as in Figure S4 but for HCFC-22. 0.007
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Figure S9. The same as in Figure S4 but for H-1301. 
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Figure S10. The same as in Figure S4 but for H-1211. 0.25
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Figure S11. The same as in Figure S4 but for CCl4. 90 ppt windows of CFC-11 were 
used here to infer the individual slopes. 
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Figure S12. The same as in Figure S4 but for CH3CCl3. 